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It is still unclear how information collected locally by
low-level sensory neurons may give rise to a coherent
global percept. This is well demonstrated in the aperture
problem both in visual or haptic senses. Experimental
findings on its biological solution in area MT show that
local motion measures are integrated to see the dynami-
cal emergence of global motion information [1]. We
develop a theory of spatio-temporal integration defined
as implementing motion-based predictive coding. This
takes the form of an anisotropic, context-dependent dif-
fusion of local information [2]. Here, we test this func-
tional model for the aperture problem in the visual and
haptic low-level sensory areas.
In our model, spatial and motion information is repre-
sented in a probabilistic framework. Information is pooled
using a Markov chain formulation, merging current infor-
mation and measurement likelihood thanks to a prior on
motion transition. This prior is defined so that it is
adapted to smooth trajectories such as are observed in
natural environments.This dynamical system favors tem-
porally coherent features. Differently to neural approxima-
tions [3], we use a particle filtering method to implement
this functional model. This generalizes Kalman filtering
approaches that were used previously by allowing to repre-
sent non-gaussian and multimodal distributions.
We observe the emergence of mechanisms that reflect
observations made at psychophysical and behavioral levels.
First, the dynamical system shows the emergence of the
solution to the aperture problem and show dependence to
line’s length [4]. Then,when presented with an object with
a regular translation, the dynamical system grabs itsmo-
tion independently of its shape and exhibits motion extra-
polation. This shows that prediction is sufficient for the
dynamical build-up of information from a local to a global
scale. More generally it may give insights in the role of
spatio-temporal integration on neural dynamics in the
emergence of properties that are accredited to low-level
sensory computations.
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